030-A and AC254-060-A, Thorlabs, Newton, USA) the light beam is guided by a vertically deflecting galvo mirror scanner (8300K, Cambridge Technology, Bedford, USA) to an f-theta lens (S4LFT4375, Sill Optics, Wendelstein, Germany). To enable sample illumination from two opposite sides, the excitation beam is split by a 50/50 beamsplitter (NT49-004, Edmund Optics, Barrington, USA) into two identical illumination arms containing tube lenses and 5×/0.15 air objectives (Nikon, Tokio, Japan). For alignment of the deflected beam (upper illumination path in Fig. S1A ), the beamsplitter is positioned on a translational stage (PT1, Thorlabs, Newton, USA) so that it can be moved along the straight beam optical axis (bottom illumination arm in Fig. S1a ). For adjustment of the excitation beam waist to specific positions along the optical axis through the specimen, the illumination objectives are placed on translational stages (CT1, Thorlabs, Newton, USA) attached to a common cage system. Homogeneous light sheet illumination is achieved by a linear galvo mirror displacement over the field of view at the rate of 450 Hz. Consequently, for a typical frame acquisition over 40 ms, the light beam scans across the sample more than 35 times, which helps to avoid artefacts related to discrete galvo scanner displacement or camera rolling shutter mode. Opening on top of the sample chamber enables fast and easy sample replacement.
To synchronize XY stage movement with image acquisition during 3D stack recording, the translational stage is pre-programmed before the start of the measurement to perform the desired frame-to-frame displacement. Subsequently, program execution is triggered for each frame capture cycle by the camera fire output.
Sample mounting. Fluorescence microscopy measurements were performed on fertilized eggs obtained by overnight crossing of adult zebrafish Tg(h2afva:h2afva-GFP) and Tg(tdgf1m134/m134) lines containing the transgenic H2A-GFP fusion protein. Embryo mounting on our DSLM setup was adopted for optimal performance in the application to very early developmental stages of zebrafish (Fig. 1c) . Thus, short fluorinated ethylene propylene (FEP) tubes (BOLA-tube, outer/inner diameters: 1.6/0.8 mm, Bohlender GmbH, Grünsfeld, Germany or Thomafluid-High-Tech-tube, outer/inner diameters: 1.5/1.1 mm, Reichelt
Chemietechnik GmbH, Heidelberg, Germany) were first flushed with 0.1 mg/ml BSA solution to prevent attachment of embryos to the tube walls. Then, a small amount of gel solution containing 1.5% low melting agarose (Sigma-Aldrich, München, Germany) with sparsely distributed 100-nm yellow-green fluorescent beads (Invitrogen, Carlsbad, USA) was soaked into the FEP tube and kept for a few minutes at room temperature to allow the agarose to harden. Afterwards, embryos with manually removed chorion were gently embedded into a solution containing 0.1% low melting agarose and soaked into the remaining part of the FEP tube so that the 1.5% agarose plug was underneath the embryo. Finally, the FEP tube was attached to the sample holder and placed inside the sample chamber. The sample chamber is a diver's helmet assembly of ~15 ml volume made from a stainless steel hollow cube. It has a quadratic cross section; three of its four openings are closed by sapphire windows, the fourth one contains the detection objective. To maintain a constant temperature of typically 26°C inside the sample chamber during the experiments, a heating foil (HK5590, Telemeter
Electronic, Donauwörth, Germany) is attached to the bottom of the chamber and connected to a temperature controller (TC200, Thorlabs, Newton, USA). The temperature is monitored by a Pt100 resistance thermometer inserted into the sample medium inside the sample chamber and connected to the temperature controller.
Despite very careful embryo mounting, the animal-to-vegetal pole axis was often tilted from the normal to the surface of the 1.5% agarose layer supporting the embryo. As cells migrate toward the vegetal pole, their movement becomes slowed once they encounter the 1.5% agarose surface. The cells located in the tilt direction experience the frictional effect first, whereas cells on the opposite side are still exposed to 0.1% agarose solution for some time until they reach the bottom. This asymmetry in cell movement shifts the pole axis toward the point at which the embryo touches the agarose plug. of every detected segment were combined by multiplication and, subsequently, objects with a combined membership value of less than 0.5 were discarded. Based on visual inspection of the maximum intensity projection, this approach worked well in practice. Furthermore, redundant objects detected in both complementary views were fused if their distance was smaller than the minor axis. Objects were combined by a weighted sum of the feature vectors. The weighting was performed according to the distance from the detection objective, i.e., closer objects contributed more to a fused object, to preserve feature quality of objects that were detected in sharp image regions while reducing the weight of nuclei that were detected in low quality image regions.
Real
To reveal the migration pattern of individual cells during gastrulation, temporal correspondences of the detected nuclei have been identified using a nearest neighbor tracking algorithm implemented in the Matlab toolbox Gait-CAD.
During the first iteration, the maximum displacement speed of associated objects between two time points was set to 0.2 µm/s; objects missing in a single frame and reappearing in a subsequent one were assigned to the same trajectory. With this procedure, we achieved an average frame-by-frame association rate of 89.1%
including initial time points where nuclei detection was hardly possible. In the second iteration, incomplete tracks were fused over a larger time span using an additional nearest neighbour approach to connect start and end positions of the identified tracks in the spatio-temporal domain. The maximum temporal distance was constrained to ±300 s, with a permitted displacement speed of 0.17 µm/s based on the average nucleus movement. We note that complete lineage reconstruction at the single cell level was not possible over the entire time interval; still, trajectories were revealed spanning several hours.
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